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Abstract 
The paper studies the efficiency of seismic isolation system in the form of lead rubber bearings with different height buildings at 
multicomponent seismic impact. As an example, seismically isolated monolithic ferro-concrete 5-, 9- and 16-storey buildings are 
considered. The solution of the problem is obtained by a direct integration of the motion equations for an explicit scheme in the 
software package LS-DYNA. The calculation is performed considering the nonlinear nature of lead rubber bearings. The analysis 
of the effectiveness of buildings with and without seismic isolation it is performed. 
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1. Problem statement 
When designing buildings and structures in areas with seismic activity, a designer has to provide a predetermined 
level of reliability and earthquake resistance of building structures. The use of traditional seismic methods to 
enhance earthquake resistance of building structures is not economically feasible and not enough effective in terms 
of improving the construction effectiveness. 
Now, to enhance seismic resistance, various seismic isolation systems, including lead rubber bearings, which 
occupy a leading position in the construction practice utilization, are being increasingly applied. In such systems, 
decrease in seismic impact magnitude is due to the increase in specific periods of natural oscillations of the system 
and oscillation withdrawal out of the resonance zone. 
Currently, in the design codes there is not any design technique for structures with this type of isolation. There 
are different proposals for the calculation of buildings and structures with the use of lead rubber bearings, but they 
require further improvement [1, 2].  
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We consider the work of monolithic multi-storey buildings with 5, 9, 16 floors (Fig. 1), with a seismic isolation 
system and without it at a two-component seismic impact accelerogram (Fig. 2, 3). 
 
 
Fig.1. Settlement schemes of buildings. 
 
 
 
Fig. 2. Seismic action accelerogram (part X). 
 
 
 
Fig. 3. Seismic action accelerogram (part Y). 
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Structural scheme of the buildings is a cross-wall one.  Shape - rectangular buildings with design dimensions 24.7 
x 19.8 m. The wall thickness - 0.2 m, height of the storey - 3 m, the overlap thickness - 0.22 m. The material of 
structural units of the buildings is class B25 concrete [3]. According to the carrying capacity of each building, a 
certain type of seismic isolation should be chosen. 
Solution of the problem will be sought in the time domain by direct integration of the motion equations for the 
explicit scheme using software package LS-DYNA [4, I.1]. Effectiveness diagram of the lead rubber bearings is 
shown in Figure 4 [5, p. 5]. 
 
Fig. 4. Diagram of the lead rubber mount effectiveness. 
 
The calculation results for the buildings will be implemented with three indicators: absolute acceleration of the 
top point of the building on X direction, the relative displacement of the top point of the building on X direction (for 
buildings without seismic isolation regarding the foundation slab, with seismic isolation relative to the top of the 
isolator) and the maximum stress intensity (according to Von Mises stress) for the bearing wall element of the first 
floor. 
We will consider a 5-storey building reaction to seismic influence. In a building with seismic isolation lead 
rubber bearings LRB-SN 850/176-185 [5, p. 14] with vertical bearing capacity of V = 6900 kN are taken. According 
to the calculation, 20 supports were set under the building. 
Figures 5 and 6 give graphs of absolute acceleration and relative displacement of the building top point, 
respectively. The maximum values of the compared parameters are given in Table 1. 
 
 
 
 
Fig. 5 Graph of absolute building top point accelerations on X direction. 
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Fig. 6 Graph of relative building top point displacement on X direction. 
 
Consider the reaction of a 9-storey building on the seismic impact. According to the calculation, 20 supports were 
set under the building.  The calculation results are shown in Table 1. Consider the reaction of a 16-storey building 
on the seismic impact. In a building with seismic isolation lead rubber bearings LRB-SN 1100/220-200 [5, p. 14] 
with vertical bearing capacity of V = 18250 kN are taken.  Figures 7, 8 give graphs of absolute acceleration and 
relative displacement of the building top point, respectively. The maximum values of the compared parameters are 
given in Table 1. 
 
 
 
Fig. 7. Graph of absolute building top point accelerations on X direction. 
 
Fig. 8. Graph of relative building top point displacement on X direction. 
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The main results of calculation are shown in Table 1. 
Table 1. Results of the buildings analysis 
Type of 
building  
Storeys number 
5 9 16 
relative 
displaceme
nt ǻumax, m 
 xamax , 
m/s2 
 
maxV , 
(N/m2)·106 
relative 
displace
ment 
ǻumax, m 
 
xamax , 
m/s2 
 
maxV , 
(N/m2)·106 
relative 
displace
ment 
ǻumax, m 
 
xamax , 
m/s2 
 
maxV , 
(N/m2)·106 
isolated 0.00231 1.445 4.16 0.0081 1.50 7.82 0.0261 1.36 13.1 
un-isolated 0.00987 10.909 11.6 0.0422 8.82 13.5 0.1422 11.53 30.8 
ratio of the 
values 4.27 7.55 2.79 5.21 5.88 1.73 5.45 8.48 2.35 
 
Figure 9, Figure 10 shows the acceleration of the bottom and top of the lead rubber bearings for the 16-storey 
building at a two-component seismic impact. 
 
 
 
Fig. 9 Graph of accelerations of top and bottom mount points of the isolator on X direction. 
 
 
Fig. 10 Graph of accelerations of top and bottom mount points of the isolator on Y direction. 
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2. Conclusions 
The analysis shows the effectiveness of the seismic isolation in the form of lead rubber bearings for buildings of 
this constructive type and height. When performing numerical studies there is a reduction of seismic loads on the 
building depending on its height, up to 5.5 times - the relative displacement, to 8.5 times - the absolute acceleration, 
and up to 2.8 times - the stress intensity. However, these findings may not be generalized for all buildings. High-
intensity seismic impacts induce the development of plastic strains in structural elements and soil base, which 
require accounting for the nonlinear character of buildings and structures. This is especially true for the high-rise 
buildings and rise buildings. The final conclusion about this seismic isolation system effectiveness can be done only 
after a comprehensive study of lead rubber bearings. 
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